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t141LiTARY SPECIFICATION

PROPELLANT, HIXED OXIDES OF-NITROGEN

This specification 1s mandatory for use by all Departments add
,- Agencies of the Department of Defense.

1. SCOPE.

1.1 Scope. This specification covers various mixtures of oxides
of nitrogen propellants

1.2 Classification. Mixed oxides of nitrogen propellants shall
be of the~ol lowing designated compositions as specified (6.2).

Compositions:

I4ON-10 - Nominal 90% N20k and 10% NO.

MON-25 - Nominal 75% N204 and 25% NO.

2. APPLICABLE DOCUMENTS.

2.1 .“Defense standardization documents. The followlng documents of

the Issue in e~fect on date of Invitation for bids or request for proposal ,

form a part of the specification to the extent specified herein.

SPECIFICATIONS

MIL-P-25508 Propellant, oxygen.

rIIL-P-27401 ~+ Propellant Pressurizing Agent, Nitrogen.
1:

MIL-P-27~07 Propellant Pressurizing Agent, Helim
I

MIL-T-27730 Tape, Antiseize, Tetrafluoroethylene, with
O,ispehser ~

I
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STANDAROS

HIL-STO-1O1 Color Code for Pipelines and for Canpressed
Gas Cylinders,

fIm-sm129 Harking for Shipment ●nd Storage.
I

(copies of speclflcations, standards, drawings, and publications
required by suppliers In connection with specific procurement functions
should be obtained from the procurlhg activity or as directed by the
contracting officer.)

2.2 Other publications. The following documents form a part of this
specification to the extent specified herein. Unless otherwise indicated,
the issue in effect on date of Invltat\on for bids or request for proposal
shall apply.

Department of Transpo rtation (DOT)

49 CFR 170 Administrative procedures of the Department
of Transportation.

49 CFR ?71-190, Hazardous Materials Regulations of the
46 CFR 146, s Department of Transportation. (For use
14 CFR 103. of alternate comnerclal publications see

6.8).

Department of Defense (DoD).

DSM 4?45.3; Packaging and Handilng of Dangerous
Also AF?l 71-4, Materials for Transportation by Military
Tfl 38-250 Aircraft.
NAVAIR }5-03-500

or tlCO 4145.30

(Appllcatlon for copies should be ●ddressed to the Superintendent of
Documents, Government Printing Office, Washington, D.C. 20402.)

Hanufacturinq Chemists Association (HCA).
I

Manual L-1 Guide to Precautionary Labeling of Hazardous
Chemicals (1970).

[Application for copies should be addressed to the Manufacturing
Chunlsts Assoclatlon, Inc., 1825 Connecticut Avenue, N.W., Wushlngton,
t)oc. 20009.)
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American Society forlestlng and Haterials (ASTH).

Recownended Practice

E 29-67 Indlcatlng Which place$ of Figures are to be
Consi~ered Significant Jn Specified Limiting
Values.

Standards .

D 2276-70 Pa’rtlculate Contaminant in Aviation Turbine
Fuels, Test. for .

E 203-64 Water Using Karl Fischer Reagent, Test for

(Application for copies should be addressed’to the American” Society for
Testing and Haterlals, 1916 Race street, p~lladebhh Pennsylvania 19103=)

2.2.! Technical society and technical .assoclation specifications and
standards are generally ava;lable for reference frORI ~~brar~eso They are

also distributed among technical groups and using Federal Agencies.

3. REQUIREMENTS

3.1 Chemical com~sltlon and physic~~ ProPert~es~” ‘The c~lcal
composition and physical properties of the prope!l ants shall confo’m to

those llsted.in table 1 when tested In accordance with the applicable test
methods.

TABLE ‘1. Chemical Composltlon and Physical Properties

composition Test

Nitrogen tetroxlde 88.8 min 73.8 min 4.5.3

assay (N204) (percent I
by wt

Nitric oxide (NO) assay 11.olhax ‘. 26.0 IIWX 4:5.2 ‘

(percent by wt) w;+nt~~-””” - -- . .. +5.0 ~in

Water equivalent 0.17 max 0,17 ma% 4.5*4

(percent by wt)
.,

Chloride (percent by 0.040 max 0.040 max 4.5.5

Wt ) lJ I

Particulate 10 mg/llter 10 mg/liter 4.5.6
,,

1/ This test need not be performed on propellant manufactured by the
wmno;la-oxldatlon process.

3
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3.2 Limltlng vaiue8. The fotlowlhg appI[es to ●ll specified limits
of this speclf Icatlon. For purposes of determining anformance with these
requirements, an observed value or a calculated value shall be. rpunded off
“to the nearest unitt’ In the ,last right-hand place of figures u?ied in ex-
pressing the llrn{t~tlon value, I.fi accordance with the rounding-off method
of ASTM Recomne”ndect Practice, E 29-67, ~ridicating which p?aces of figures
are to be considered significant in specif;ed Ilmltlng values.

3.3 Filter. A filter with a 10 nominal a~d 40 absolute micron rating
shall be ~ed between the manufacturer’s plant and the container to be
fi?led for ctellvery.

3.4 Sam )er
--%7-”

The sampler shall be a double:end,@ container capable of
accepting a + &p!8 &nd constiuctiSti of 3d0 series stainless steel. The
valves and any outlets or welds shall also be of 300 series stalnles$stee~
(6.3) . Samples shall be taken in” aceorddnce with f+.4. z,i$.

3.5 Qual_it.ative, The propellant shall be a.,homogenous ll~uld when
examined vtsua!lyby transmitted Ilght !n accordance with 4.5.1.

4. QUALITY ASSURANCE P’kOVISIONS

4.i Responsibility for inspection. Unless otherwlse”specl%iad in
the contract or purchase order, the suppiier is responsible for the per-
formance of all inspect~on requiram~nts a+’s~l-fld herein. E~cept as
otherwise spccifled In t’he contr&c’t or order, the sup~?~er may use,his own
or any other faci?itle$ 4ult&’b!e for the perforinance of the ~ispect~oti.
requirements ~peclfied herein, unless disapproved by the Government+ l’he ‘
Government reserves the r’lght tO perfom any of the Inspections set forth
In the speclflcatlon wh&Fe such InspectIons are deemed necessary to assure
supplies and servlces”conform to prescr~bed” requirements (6,z),

4.2 Class!flcatiw. obtests.* The Lnspectio&”ahd testing of the
propel lant$,,s~l ~ C],.ass[fi e~ 8S quallty.conffmmnce tests. -J. ..

,!
4.3 Test Cofiditlons.

. .
The test conditions are described under the .,

lndivldua~ tests to which they apply.

4.4 Quallty conformance tests. QualJty conformance tests shall con-
sist of:

(a) Indlvldua) tests . . . . . . . , . . . . , . 4,4.1

(b) s~pling tests . . . . . . . . .: . . .. ...4.4.2-

4.4.1 Indlvldual tests.
:+

The propellant shall be subjected,to the
follcwing test as described under 4.5;

\
! ),

Examination of product . . . . . . , ; . , . . , .ftts;l

4
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4.4,2 Smpllng tests. The propellant shall be selected In accordance

with 4.4.2.{ and subjected (as ●ppropriate to Composltlons) to the follow-
ing tests as described under 4.5:

(a) Nltricoxlde essay’”. , . . . . . , . . . . . . 4.5.2

(b) Nitrogen tetroxide assay . . . . . . . . . . . 4.5.3

(c) Were quivaleni . . . . . . . . . ● , . . . . 4.5.4

(d) Chloride content . . . . . . . . . . . . . . . 4.5.5

(e) particulate . .. . . . . . . . . . . . . . ..4.5C6

4.4.2.1 Sampling p Ian.

4.4.2. 1.1 Lot. A lot shall consist of one of “the following:
.,

(a) The propellant produced In mot more than 24 consecutive hours
from a continuous process which is1us6d to flli’shipping contalners,dl rectly
from the process output. A continuous process shall be the production of
product by continuous input of raw materials and output of finished product
by one manufacturer In one plant with no change In matiufacturlng conditions
0+ materials.

(b) The propel lant from lncfivldual runs of a batch process which
“)is USA to fill shipping containers dlrect”ly fmm!the process mtput. A

batch Process shall bethe production of product by runs from singl’e additions
of raw- materluls whfch are ;eacted and purified form{ng the product.

[c) The propellant f“run either or both the.continuous and batch
processes wh{ch Is held In ● single storbge tknk and subsequently withdrmm
to fii? shlpplng cootblners. The product shall b ~eneous at the”time
of withdrawal ●nd shall not be added to while being withdrawn. After each
addition to the storage tank, the contents shall con$tltute a separate lot.

f’

4.4.2.1.2 Sample;’ A s-pie shall conbfst”of tit less than 400mllli-
)Jters (ml) of p-nt. TW samples shal! be taken for the tests specified
In 4.4.z. One sample shall be used for tests (a) through (d) and the other
for test (e). In the case of cyllnder sampllng, both s~le~ shall be taken
fras the s- ~llnder~ Unless otierwl’sd spdfled, qbtallty eonfomance tests
shall be made of each sample of the propellant t~tcen directly from th shippi~
containers (6.2). When required, two samples shall be forwarded to a laboratory
deslgnateci by the procuring activity for subjection.to the quallty conformance
specified herein. I 1, 1 ., ....

4.4.2.1.3 C linckrs.
‘+

Th ntkhtkrof cyllnda~s selected for sampllng”frtwa
each lot shall be n accordance wlt~ table’11~ ‘:TIw first and last containers
to be filled wlthln a given dot shal’1 be siunpl’ed. Ot@rsmples may be selected
●t randm. Eachse?ect*d cyllnder shatl be thoroughly ●g~tated Ikedlately bO-
fore sampllng. The propellant from each container sampled shall constitute ●

~separate sample.
)

s
.
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TABLE Il. Sampling for Test )
‘Number of containers

I

?&umber of containers
in lot to be sampled I

1 1
2-8 2
9-27 3

28-64 4

4.4.z. 1.4 PortabIe tanks, cargo tunks~ dnd tank cars. A sample sha!I
be taken from each portab}e tank, cargo tank, or tank car.

4.4.2.1.5 Other containers. Unless otherwise specified, other con-
tainers of 100 gallons or less water capac?ty (6.z) shall be smpled In accord-
ance with 4.4,2.1.3. Containers greater than 100 gallons water capacity shall
be sampled in accordance with 4.4.2.1.4.

4.4.2.1,6 Method of taking sample. Connect a l/4-inch stainless steel
tube approximately 1 1/ 2-feet In length to the container (cylinder or tank)
dip-tube valve. Fit one end of the tube with a l-inch to 1 I/k-inch pipe-
thread bushing for attaching to the dip-tube valve and fit the other end with
● l/4-inch tee. Fit one leg of the tee with a I/&-inch needle valve for
purging and the other ieg for connecting to the sampler Iniet valve. Attach
approximately 5 feet of polyethylene tu,bing to the purging valve to direct
the propellant fumes away from the sampling area. Apply thread tape conform- )
ing to I141L-T-27730 to all thread connections. Wrap the-tape under tension

/

starting two threads back from the end and in the direction with the male
pipe thread helix toward thread run-out. Wrap once plus an overlap of l/2-
inch at thread run-out end. Connect the evacuated sampler to the tee at an
incIinecl 45-degree. angIe with the inlet valve down, Open the dip-tube valve
and theptirging valve. Purge until ●pproxiinetely 2,000 ml of propellant has
been removed to clear the dip-tube, Then close the purging valve,and open
the sampler Inlet valve, Open the outlet valve and continue samp)ing until
liquid propellant appears. close the sampler outlet, in-let, and dip-tube
valves. Open the purging, valve to clear the sample line and disconnect the
sampler.

4.4.3 RejectIon. When any sample of the propellant tested In accordance
with 4.5 fai~s to conform to the requir~nts specified herein, the entire lot
represented by the saple shall be rejected.

4.5 Test Hethds. ‘

4.5.) Examinutlon of product. The sample (4.4.2.1.2) shail be examined
with transmitted light to satisfy ‘the qualitative requirements. PIace 100

%8+

ml of sam le in a clean, clear glass container (graduated cylinder or large

rtest tube , cool in an ice-b~th for 10 minutes, wipe dry, and emnine visually
by transmitted light from a light bulb or sunIlght.

. 6
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“1 4.5.2 Nltri.c Oxide assay. The NO content of the
) dete~ined by the foll~lngmetbd.

WL-P-27408A

samp!e shall be

4.5.2.1 Tared sample. Evacuate and weigh to the nearest 0.001 gram (g)

a sample bomb of approximately 60-ml capacity fitted with a needle valve.
Support the sampler [n a vertical posltlon with the sample Inlet valve down
on a ring stand under a ventilated hood. Connect the bomb assembly to the
sampler and pro.vlde for purging the connecting IIne. With all valves closed,
open the purge and sampIer valves. Purge the connecting lines until liquid
sample emerges from the vent line, then close the purging valve. open the
bomb assembly valve and trartsfer 40 to 60 g of the sample. Close all valves
and then open the purge valve to allow purging of remaining sample from the
connecting lines. Disconnect the bomb assembly and flush the exposed open-
i~g of the valve with nitrogen until residual N204 disappears. Reweigh ac-
curately the bomb assembly to the nearest 0.001 g obtaining the sample weight
by difference. When sample weight is below hO g, another sample shall be
taken. Evacuation and reweighing of the sample bomb is unnecessary for sub-
sequent fillings.

4.5.2.2 Procedure. Attach a rotameter with stainless steel tubing to
the reducing valve of a cylinder of oxygen (O ). Connect a iength of 1/16-

?inch stainless steel tubing to the exit end o the rotmter. Open the
cylinder valve and, purge residual air from the connecting Ilnes and rotameter.
Inwnediately attach the bomb assmbly to the other end of the l/16-inch tubing

i. and usinq the recfuclnq valve adjust the oxvaen pressure to 30 pounds per square
w .\ inch (PSi). Close the cylinder-valve. Pl&~e the bomb assembly In an Ice bath

) and ma’lntain the temperature at approximately 32°F [O°C). Permit O to flow
Into the sample bomb by first opening the cy!lnder valve and then t e bomb2
valve. Occasionally shake the bcwnb to hasten absorption and oxidation. Lack
of 02 flow through the rotameter indicates completion of reaction. Allow the
bomb assembly to remain in the ice bath for 15 minutes with valves open after
reaction has been compietect. Disconnect the bomb assembly, remove frm the

‘r

bath, warm to
the weight to

4.5.2.3
illg formulas:

‘),/

ambient temperature and wipe dry. Place on-a balance and record
the nearest 0.001 9.

Calculation. The percent NO shall be calculated by the follow-
/

(8) x - B.~

(b) y - C+ ,,

(C). NO, ~kcent [y-0; o03857 (z- ~+ ) ] 187.5.
●

4.15
Where: ,

%

Xm

Y’=

z.

1

sainp~e we,l”ght In grlams.

1,
02 weight In grams.

volume of sample bomb In ml. Detem!ned by dlfferervce
in weight from evacuated and water flllecf.

7
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A - weight of sample bomb ;n gram.

B = Wlght of sample bomb plus sample in gram.

C _ weight of sample bomb plus sample and 02. ,

4;5.2.4 Reaqents and qqul~nt. The f~I,lqwing reagents and equipnmnt
or their equivalent shall apply as test conditions of 4.5.2:

(a) Reagents ,

(1) NJtrogen, WL-P27401, TYN I
‘.

(2) Oxygen, WL-P-25S08, Type I

(1) valve, needle, l/8-inch NPTmale Inlet X I/q-inch
sw~gelock outlet, stainless steel.

(Z) Elcxnb, sample, 2-Inch diameter with l/8-inch NPT
female, 302 stainless steel, 24 gauge.

capability.

(3)

(4)

(5)

(6)

(?)

(8)
0.1 mg accuracy.

Stand, ring.

Tubing, polyethylene, length as required.

Rotameter, g)ass-ball, with O to !.0 Iitar per mJnute

Tubing, stainless steel, l/16-inch diameter.

Bath, ice.

Balance, analytical, plus or minus 0.1 mg sentitlvity,

w
“\\

I

)
4

/

4.5.3 Nitrogen tetroxlde ●ssay, The N2~4 contmt shall be performed
on the oxidized 40 to 60 9 H204 smple paragraph 4.5.2.1.

4.5.3.1 Preparation of stunpIc.
(O°C) with crushed Ice.

Cool the smpIe to approximately 3Z°F
he cooled sample shall be Introduced into a clean,

tared (1 ml) gtass anpoule directly from the samp)er through a l/16-inch staln-
iess steel tube. The ampoule tip shall be Inserted into an adequate size poly-
vinyl chloride tube, approximately 6 Inches long... The ampoule Is then suspended
in ● IIquld difluorodichlor~ethane bath until frozen. Lift the frozen ampouie
and wrap It with a piece of soft paper, removing” the pol~inyl chloride tube.
The arupoule shall be sealed In the hot flame of O ,or equivalent, torch by
rotating at an angle. Wash, dry, and weigh the 1?. Sample sizes shall
avera~e ●pproximately ).3 g where 0.5it Qlkali IS u~ed. .

\
I

)
‘G’

8
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4.5.3.2 Procedure. The weighed, sealed ampoule shall be placed into
a heavy-walled glass stoppered Pyrex bottle, or locflne flask, containing
100 ml-of water plus 20 ml of 30% hydrogen peroxide. Chl!l contents In ice
water. . Lubricate the stopper with’stop~ck grease and’ Tnsert it ~nto t~
ground glass neck of the bottle and/or flask. The sealed ampoule Shtiili’be
broken by vigorous shaking, keeping the stopper in place flrrnly. Shaking
shall b continued until all brown fumes disappear. The’ bottle or flask ?s
returned to the Ice water to keep the contents cool, and shaken from time to
time over a 15 minute period. The stopper shall’be renioved, rinsed off w~th
dist\I led water Into the contents of ‘the bottle or flask and repl’~ced with an
●ir condenser. This assembly Is removed from the ice water and pl~ed on a
steam bath or hot plate ●t moderate ’heat setting (ap@rox’im”te!y 120°C/2500F)
for 45 minutes. The contents shall be allowed to cool to ambient teupe~ature. ~
Rfnse the alr condenser carefully and remove It. The broken glass of the
ampou]e shall be pulverized with the flat end of a heavy glass rod. The rod
~hall be rinsed with dlstll led water into the bottle or f?ask. Add 3 - 5
drops of mathyl red indicator and titrate with 0.5N NaOtf so!utlon to the
yellow end point. A reagent blank shall be run in the same manner as the
sample.

,.

4.5.3.3 Calculation. The weight percent N20h shall be calculated by
one of the fol~owlng fomnulas:

HON-10, HON-25

\
) NO

2 4’ Percent
by weight u 1.534 (A+)

where:
~= (a-b)h!

~ X (3.00+0.016x% NO)

Y

B = percent by wt. NO.

N = normality of NaOl+,

W = grams of oxldlzed smple’ In ampule,

a - ml NaOH for samp)e.

b = ml NaOii for blank-

4.5.3.4 Reagents and equipment. The folltiing reagents and equ
shall apply as test c~ndltlons 0F4.5.’3. .;

1; .d‘(

pent

(8) Reagent-s
<. .

(?) %diumhydroxide solution, 0.5N: D?ssolve20gofACS
reagent grade, lowcarbonate;sNaOH !in distiiltiwater In a 1000-ml volumetric
flask. ,Aliow to cod and dilute to themrk;with. &’lstl?J!led water. This solu-
tlon shal) be standardized Mth Stahda~dO.5H HCII to thelmethyl red end point.
Transfer 30-50 ml standard HCl Into abeakef from aII!OO-inl buret. Tltfate t~
HCI with 0.5N NaOtl using the same buret after cleaning. Store the O.~N NaOH

“ In a polyethylene container and insure the excluslon of carbon dioxide during

} stora~eo ,

I

I
9
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(2)

(3)
dlsti?!ed water.

(4)

I (5)

+Q#’

‘),,
Distilled watere

Methyl Red Indicator solution: 0.1% by weight In

Hydrqen peroxide, ACS reagent grade, 30% bywelght.

MCI solutlon, 0.5N: The 0.5N HCl Is standardized with
primary standard grade dipknyl guanidlne to the methy red end point.

(6) DIPhenYl guanldlne: Primary standard grade, G. F. %[th
s co. , or equivalent. -

I

(d fh@pment
tI

(1) Buret, 100-ml, O.Z-ml graduation.1

(2) Flask, lodlne, 500-ml, heavy wall with 24/40 stopper.

(3) Ampoule, glass, l-ml capacity.

(4) Beaker, 200 to 400ml, as ava[lable.

(5) Flasks, volumetric, 1000-ml capacity.

(6) Ice bath.

(7) Low tanperature bath, dlfluorodichloromethane or
equivalent.

(8) Glass rod.

(9) Glass air condenser, 24/kOgroundglassandwithdrlp tip.

)
‘d

(~o) Ste= bath or hot plate.
1

4.5.4 Water equivalent. The water equivalent of the sample sha?l be
determined by the followlng procedure:

4.5.4.1 Analytical apparatus. The analytical apparatus shall be pre-
pared and assunbled as shown schematically in figure !. One side of a Z-p%
stainless stee? ?iquid Inlet valve IS connected to the three-way ba!~ valve.
The other side of the S- 2-~t valve IS connacted to a 12-inch X I/k-inch
stainless stml wbe packed wf’th copper fll!lngsand p:lugged with copper
turnings or wool ●t each end. T~ c~~r-,phcked rbactor Is enclosed by-a
tube furn~ce capable of tnalntalnlng a constant temperature between 1112*? to
)202°F (600 tod~oqc). The othr and of the c~per-packed treaetor Is connected
to the s~le Inlet llne of a gas chrmtq~raph,;mntalnl~ &septum Inlat:wlth
1/]6 or I/8-Inch OD stainless steel tub’lng, The gas c~mmamgr~ph column shall

be of sufficient length of tubing and contain a support mater-lal to adequately - )./
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resolve nitrogen and water and ‘mthanol and water. The detector shall have?
a minimum sensitivity of 0.25 ;rrnil?ivo?t per microgram of water. The refer-
ence and sample he?lum flqw rates in cc/rein shall be matched within 5 per-
cent. The column and detector temperatures and the ‘helium fl’ow rate shall
be optimized to produce sharp peaks with adequate resolution, To regenerate
the reactor, the three-way ball valve is connected to a hydrogen source.
The chromatography collmm is dlsconnectpd from the copper reac;tor. Regener-
ation Is accmnpl ished by alternating s~l? amounts of hydrogen with the He
flow Into the apparatus until fi’o more water can be detected dt the outlet
line of the reactor. The detector current is off during the regeneration
because of the interrupted ca~rier flow. A chilled water line consisting
of l/8-inch copper tubing may be wrapped around the line bet~en the furnace
and the septum and also around that portion of the liquid injection valve
through which the N204 sample wi?l flow. Dead volume must be kept to ● mlnI-
mum throughout the system.

4.5.4.2 Procedure. The oxldIzed sample of ft.5.2 sha?l be connected
to the 2-pt liquid valve of the gas chromatography shown in figure 1. The
apparatus specified in figure 1 shal} be in an operational mode ready to
analyze a 2-PZ all uoto

7)
Allow the oxidizer to flow through the valve to

the N 04 scrubber 6.7 . When a steady stream of liquid flows, introduce
the aflquot and stop tb N204 fl~. Repeat the analysis a second time.
Determine the areas or the peak heights.

4.5.4.3 Calculation. The water equivalent shall be calculated as
fol IWs:

The peak heights or areas are averaged and the micrograms (vg) of water
determined from a calibration graph previously prepared. The water equivalent
content shaII be calculated by the follow?ng formula:

Water equivalent, percent by wt = ~g H20

29

The peak heights or areas of the duplicates must be reproducible within 2
percent. If they ate not, premature samp?e vaporization or a contaminated
valve may be responsible for variations.

4.5.4.4 Calibration. To correct for @he original water present in the
methanol, a can brat ion graph shaii be prepared using ●liquots of a standard
methanol solution containing ● known amount of water. Inject triplicate ali-
quots of 0.2 vt, 0.4 Mt, 0.6 Ml, and 0.8 *I of the standard solutlon with a
].O-pt precision syringe into the septum inlet of the gas chromatography.
Average the areas or the peak height’s of thetriplicates and subtract the
blank from each. This blank is determined first by=fill~ng and expell!ng 1,0
Ml of the standard solutlon and then Inserting the needle through the septum of
the gas chranatograph. The heat,ed septum inlet wil? vaporize a minute mount of
the rq,sidual standard- solution. Plot the corrected pg of H20 versus the peak
heights or area and draw a smooth curve through the origin.

4.5.4.5 Reagents and equipment. The following reagents and equipment
or their equivalent shall ●pply as a test condition of 4.5.4; ) “d
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a. Reagents

(1) Hydrogen, cyllnder with regulator: Prepurlfied grade gas>

99.95%, 20 pp 02 mxllnln.

(2) Mel Ium, gaseous, tll L-P-27407@

(3) copper , 20-40 mesh: Pure, ACS reagent grade chips or
filings, “Cuprin”.

(4) Copper turnings: Pure,ACS reagent grade, degreased.

(5)’Standardmetbml/-ter solutlon: Absolute ACS reagent
grade methanol, the water content of which shall be determined by ASTrn
Standsrd E 203-64. Add a sufflclent, accurate amount of distliled water to
make 500 ml of ● 5 mg ~ 0/mi solutfon~
alent. Keep tightly cl~sed to prevent

(6) Gas chromatographlc
tions are as follows:

(a) 6 to 10 ft of

Verify the same ASTM method or equiv-
evaporatlon of methanol.

co] umn: Suggested columns and condl-

5% ~lyethylenegly~l on polytetra-
fluoroethylene 40-60 mesh, at 158°F (70°C).

(b) 6 to ]0 ft of “Porapack Q“ at 212°F (lOO°C).

) (c) polyhalocarbon sup~rts, polych]orotrifluorothylene
‘ with polyesters or polyglycols are satisfactory.

(d) Column shall be aluminum, copper, or stainless steel.

b. Equipment

(1) Tubing: Stainless steel, I/8-inch, and l/16-inch O.C). as
required In figure 1.

(2) Cool ingcoi is: l/8-inch cop~r tubing 0.0.

(3) Coding bath: A source of. 32 to SO*F (O-lO°C) chi?)ed
fluid. I

(4) Three-way va~ve: H2-He~lsupp]y, Hoke No. 716X2$ or 7~65G4S.
1,

(5) 2-14S Hquld lnjectlon va?ve; Internal construction of1,
stainless steel with polytetraf~uoroethylene seals.

(6) N O scrubber: ‘“
?$

N 04 dispsal shall be accomplished [n
?accordance with appl c ble local an i-pol)utlon laws.

(7) Gas chromatography: A chromatography with ● thermal
conductivity detector,

)
(8) Recorder: A potentiometrlc recorder with a l-mll}lvo!t

span ●d a l-second FS response.

T3
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(9) Tub-furnace: 8 to 12 inches long with a 4/2 to l-l/4-
Inch bore. Switch settings (voltage) shall be determined with ● pyrometer so , )

w

that it shall operate between 1112 to 1202°.F (6OO to 6500C). 500 to 1000 ‘ ~
watts, ,[s s~equate. .. ; ,.

. . .. . .
(m) .

. . . ..(

in o.02-~z. Ham i 1ton
,.

;.5.5 “Chlo”r;de”.
lng procedure.

Prec~$lon syringe: 1.O-IU capacity syringe graduated
No. 7001 N with needle.

Thechjorlde con”tent shall be determined by the foJlow-

,.
4.5.5.1 Pro&duru. We.lgh the sample banb containln~,the oxidized sample

prepared In 4.$.2.2 to. the nearest O.lg.. ,Attach a Polytetrafluoroethane tube
to the Ixxnb tih~ to ● g.as wakhfng bottle containing 50ml of chlorlde-fr~” dls-
till.ed .~.ter.. ..,;Slowly ~l,ow.qpp~~”lmately l’Og (~ ~?) IIqbld Into the gas wash
bottle. , .Re%e.i,gh,,r the ‘samp) q. ~bmb. Q@ntltatl-vely transfer the contents of the
wash bo,ttIe,$~~.Ji~ “1000-’ml. .vp’liknqtr~c fid’sk. Add 2-5 dr6ps of dlnitrophenoj and
and neutralize tilth concentrated anmonla to the yellow endplht. D/lute to the
mark with chlorlde-free dlstl?led water and mix. Plpet a 10.0 ml allquot Into
a 25 ml .vol.ume.tr:lc .flask. Add 10 ml””~f””chldride-+free d$sti!led water and mix.
Preparer,8 re~ent blank with 20 ml of chloride-free dlstiliad water In ●nether
25 ml voIumetr”lc flask. ‘Add exactly 2.0 ml of the ferrl~ ammonium sulfate re-
agent to both and ml.x. Add exactly !.0 ml of tti saturated mercuric thiocya-
nate r.eagent. and mix. Make up to the 25-ml marks with chlor?de-f~e distilled
wate<, knd .plx:. .Plac~.J,bth flasks in darkness for 15 to 30 minutes. Fill a 5-
cm cell with t~e. reagent ,b,l&n.k and set the spectrophot~ter at O ●bsorbance
(I OO%T) &t 460 nanometer (rim).
cell qt 46c) nm. tT,he mg Cl- for,
curve’of ab~o-rbance vs mg Cl . -

‘4~5.5.2 Ce}culati&n. The
follows:

Measure tke ~bsorb~nce of the sample in a S-cm “i. .. i
theallquot ?s determined frun a cal?bratlon ‘ ,)

~

+Ight percent chlorlde sha.?l be calculated as

wt. %C.r -. (q Cl-from curve) x F x 100
... ... ..”;. mg sample

.,# .“. ,.,,.’

where F = ailquot factor (I.e. 1000/]0 etc).$.

4.5.5.3 Calibration. P~pet ’exactly 1.0, 2.0 and 4.0 ml of the”dllute
standard Cl-solution [ nto three 25-m? volwtric flasks. Add !5 ml of chlvride-
free dlstll led water. Transfer 20 ml chlorlde-free dis~ll.cd water into a
fourth 2$ml volumetric fiaskhs a reagent blank. Add 2.Oml of the ferric
aamonlum sulfate. re~ent to all flasks. Add exactly 1.0 ml of the saturated
nkrcuflc thlocybti~e, tebgent .and. nilx. ~~ke up to t~ 25-ml tirks with chlorlde-
free dlstl~led ~ter and mix. Place both flasks in darkness for 15 to 30 minutes.
Fill a s-c~ cell with the reagetit blank and set the spectrophotometer at O-absor- ,
bance (1OO%T) at 46o nm. Measure thk tibsorbance of each. calibration-standard In
a 5-cm ce,~l a~ k6plnm. Plot the. absorbance (y-axis) ●t 46o m of the standards +
against mg C.!, , (x041xIs) on !inear graph pa~er, drawing a smooth curve through
the origin.

,

4.5,5,4 Reagents ●nd equf~nt. TM followlng reagents ●nd equipment
shall ●pply as test condl tlons of 4.5.5..

j ‘Q”
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b

) a. Reagents

(1) Chlorlde-free dlstllledwate~: Thewtw Isconsldered

chloride-free If a ?00 m? sample, treated with silver nitrate, SMS no
turbidity during a 24-hour period, when stored In darkness.

(2) 2,4-dinitropheml Indicator, 0.1 wt. Wraent Inalcokl
and water.

(3) Amonia, ACS reagent grade, 28 percent HN3.

(4) Nitric ‘acid: ACS rmgent grade, 76 prcent H~Oj.

(5) Ferric amonlum sulfate, 0.2511; Uelght 60.27~ of ferrfc
anunonTum sulfate dodecahydrate, Fe NH (S0 )
and make up to 500 ml volume wltij W Illtrii G!2H2%R “%%LH%
24 hours.

(6) Saturated mercuric thiocyanate: DISSOM9 100 q (0.109)
ACS re&gent grade Hg(SCN) in 100 ml 95 percent ethmol. Allow to stand,
decant, and store in d~rk?ess.

. .
.

(~) Stock” Standard chlo~{de solutlon: Dissolve 1.649gof
dry Primary Standard grade sodium ch]orlde in chlorlde-free dlitilled-water,

~ and dilute to the mark in a 500-ml volumetric flask. (1 ml = 2.O mg Cl ).

I

;’ (8) Dilute standard C1-solutloo: ‘ D~JUte; loo ~~ of reagent
(7) to the mrk In a 200-ml volumetric flask with chIorlde-free dfstll led
water (1 mI - O.O?Omg C?-). Use a microburet to ●ccurately measure 1.00 ml.

-“

b. Equipment ,,

washed with nlt~!~

(2)

(3)

(4)

(5)

(6)

(n

Chloride-free glassware: All glassware used must be
acid and rinsed with chloride-free dlstllled watet.

Vo)umetrlc flasks, 25 ml, l“OOml, 2W ml, ~~~~f, ~~o m~q

Volumetric pipettes as requlmd~ “ :
.,. 1’ ,

Beake”rs, as required. ‘ ‘-’ ‘.’ :

Analytical balance, 0-200 gm, O.!+ sen$~t;vlty.

5.00-ti spectrophotometer ct’1’1%.
,, , II,.f--

Spectrophotometor, capable of furn!shlng ncrrow band
light between 400 to’~oo ti~ and capable ’of” acceptl~’’5.0D’- celi$.

(8) Ringstand and C! WWPS, as feqdlred.

)
(9) Hlcroburet, 5.0,0-ml capacity.

(10) Gas wash bottles, 250-ml slze,wfth or without fritted disk.

IS

I
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4.6 Preparation for delivery Inspection. The packaging and ’marking
of the propellant shall be Inspected to determine compliance w)th the re-
qufrement$ of section 5 of this spec[flcatlon, . . ‘

5. PREPARATION FOR DELIVERY

5.1 packa {n
-++

.The product furnishe~ under this specification Is
a hazardous mater al as defined and regulated by the Department of Trans-
portation (DoT) regulations. All packaging to be shipped commercially by
any mode of transportation shall comply with the requirements of DOT regu-
lations 49 CFR 171-190, or DOT speciai permit obtained In accordance with
49 CFR 170.?3 by the shipper in conjunction.with the C~nder, Headquarters
Military Traffic Management and Terminal Service, Attention: Safety Division
(HTHTS~A;Wa~hlngtony D.C..2O~l5. All packaging to be shipped by m’llitary
alr shall comply w[th’DSAH 4145.3 (AFM 71-4). The product shaH be packaged
in containers and unit quantities as specl”fJed@by the procuring actlvlty (6.2
and 6.3).

5.2 Preparatlw of cont~iners~. Prior to filling, the contractor shall
determine the condition of ●ii contal-ners to ensure that they are free from
contamination and suitable for shi~ent and storaqe. Contractor owned con-
tainers shall be cleaned and repaired by the contractor at his own expense,
Leased or Government owned containers shall be clea~ed and repaired in accord-
ance with the schedule established in the contractor purchase order (6.2)?

5.2.! Cleaning and repair. Unless otherwise specified, al? containers “
shall be visually Inspected Internally and externally for the preseqce of )
water, rust, scale and .oII film, or other foreign matter, leakage, and physical ‘
damage (6.2).’ Any physical damage which wou,ld endanger safe. transportation of
the propellant shall be repaired prior to reuse. If evidence of Internal con-
tamination Is found, the container shall be recleaned by a suitable method to
remove the contamination.

5.2.2 Testing. Containers shall be hydrostatlcal)y or otherwise tested
at a frequency specified by ad In accordance with DOT requirements or as other-
wise speclfi~d by the”pr=url~~activ~ty. .

5“2.3 Gaskets. Gaskets used to seal container ope~lngs shal) be poly-
tetrafluoroemor other material compatible with the propellant and
approved for use by the procuring activity (6.z). The cont~actor shall assure
that all gaskets are serviceable-and furnish new qaskets when necessary so
that a tight seal 1$ assured.

5.3 Flllln
+

The f[lllng by denstty, weight, pressure, temperature, or
any combinat on thereof shall be [n ●ccordance with 007’ reaulrements or as
otherwise specified by the procuring activ?ty (6.2). Contalnersifor which the
prescribed tests have become clue shall not be f[lIed until retested.

5.4 Labellng and rraarkln~. , Each container shall be )abeled and placarded
in accordance with MIL-$7D-l 29 and established DOT requirements or DOT special
permit. In addition, an identlflcatloo tag, procautlonary label, and container
color code with name ldentlficatlon shall be used on each cyllnder.

:)
u’
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5.4A.J Identifi-t+on ta~. An identification tag iqewlous to cll -

matlc conditions shall be tilred to the outlet port of each cyllnder and

shaIl contain the follwing Informatloti: Propellant nane, specifimtion,

with revision letter, designated cunposition, FSN number, quantity, name

of mmufacturer, name of contractor (if different from manufacturer), lot
nwnber, and date of manufacture.

I

5.4.2 Precautionary label. A precautionary label prewred in accor-
dance with MCA ?tanual L-1 shalr be appl’ied to each cylinder [6.6).

5.4.3 Container color code. Each cylinder sh61~ becolorcded” in
accordanw with Ilil- -STD-l;O1. The exact nme Identifketlon to be marked
on the outside of the cyllnder shall be ‘tNitrogen Oxide fllxtu,rett. Any

‘other name Identlf[catlon shall be obliterated by r~ving or overpalotlng.

6. rtOTtS . .

This soctlon contains nonmendatory prov”{slons only to,asslst kth
the contractor and buyer In the proper under.stand[ng and utl~’lzstlon of this
specification.

6.I -Iatended use. The propellants described by this specification
●re intended for use as oxldlzer-s In rocket engines.

6.2 Ordering data. Purchasers should exercise any desired options
~~ offered herein, and procurement documents should specify the followlm:

/
602.I Procurement requirements.

(a) Title, number, cmpositlon,
(1.2).

and date of this spec?ficatlon

(b) Method ofshlpmnt, type and” capacity of containers (S.1

and 6.3).

( (c) When other than quantity by weight in pounds (avolrdupol s),
skate fllilng requirement (5.3).

(d) ~en Inspect Ion requirements are to be performed by other
I

than the supplier (4.?). ,,

I
I

(e) men walverof quality conformance tests on each sample
IS granted(4.402. 1.?). ,,j ‘ , ,

(f)’ men unusual containers are to be used ~ticl sampled other
than as specified (4.4.2.1,5).

1.

I (g) When cleanlng and repki r schedule is requi red for leased
or Government owned contalne?s (5.Z)-

<““

)-”}
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(h) ~nc~ean~~ and repa[r provisions are other than as “ ,’
speclflect (5.2.1);

(1) When hydrostatic test frequency is other than as spec!fied
(5.2.2).

(J) When ●pproval of gasket -terlal Is required (5.2.3).

6.2.z Contract data requirements. ‘ Oata conforming to Data Item
Description DI-T-I.35-1, Quallty ~onformapce Test Re~rts (Fuels), Is a re-
quirement for delltiery In connecti~ with this specificatlbn. The data Item
wII’I b& s~clfied ,for delivery on the Di) Form 1423. In addition to the copies
requI@d by the procuring ;actlvity, one wpy of each report should be addressed
to AFRPL (002S), Edt&rds, CA 93523.

6.3 Containers. As of the date of this specification, the followlng
iisted containers are considered acceptable for military use and are approved
formlxed oxides of nitrogen by DOT regulations as speclfled in 49 CFR 173.338,
or 001 special ‘permits as stated, or require action to obtain special permit as
stated.

(a) Sample quantities should be shipped In cylinders conforming
to HIL-C-83690, TypeZ, Style 1, High Pressure. Special” permit requiridfor
these cyl!nders.

.-

(b) Cyllnders of specifications DOT 3Ah80, 3AAb80, or Indlvldua’. ‘ ~
cylinders of DOT lo6A500.

(c) Tank cars of specifications DOT ]06A500 or 106A5oo-x, or
I 105A5OO-W (with speclaI requirements).

(d) Cargo tanks requfre action to obtain special permit.

6.4 Definitions,

(8) ?&rt!cu\ate ’- The undissolved so!lds retained on a 10-micron
filter ~bra.ne.’

. .
. .

(b)’ ~Single-.pha.sed ? iqui~ - A single-phased liquld is devoid of
any vlsibl.e foreign liquid but may contain solld material as ~rwiltted wlthln
this specification.

6.5 Highway safety. To promote safety In the transportation of propel-
lants in interst~te c~rceby ~tor vehicle, each product contractor or shipper
shtild ~ssure (and provide If necessary) that each driver pck~esies an MCA Chem-
Card-Transportation Emergency Guide No. CC-1. A complete manual of cards or the
individual cards ●re available frun the Hanufacturlng Chanlsts’ Assoclatlon, 182s
Connecticut Avenue, N.W., Washington, D.C. 20009.

)8
‘,

J

! ).,:.. . :,,...... . ... .
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L
6.6 Precautionary labels. Precautionary labels are prepared In

, cordance with RCA Nanua! L-1. For those propellants which do ~t have
specifically prescribed labels, the principles for the pre~ratlon of the
labels are used. There does not have to be exact agreement between labels
from different sources as long as the Intent of the manual is uxnpl led with.

6.7 p~}lutlon control. U.S. Publlc Laws dictate Increased effort
to Improve air, land, ●nd water pol Iution control of toxic propellant va~rs,
leaks, $p~h, and disposal during all phases of manufacture, transfer,
storage, and transportation operations. The manufacturer/ suppller Is en-
joined to approach the appropriate poliutlon control district to-tually re-
solve all problem areas, and to develop adequate control and disposal methods
for situations which are likely to develop in any of ‘the phases.

6.8 Alternate publi_catlons. The following camnarclal publications may
be used In Ileu of or In conjunction with 49 CFR 17?-190, 46 CFR 146, and
14 CFR 103 as ●ppropriate ●s the content IS identical or in the case of alr-
Iines Is supplementary.

(a) Agent R. M. Grazluno Tariff No. 23, Hazardas Haterials
Regulations of the Department of Transportation. Available from Association
of American Railroads, Bureau of Explosives, 63 Vesey street> NH york~
N.Y. 10007.

(b) Agent Fruend’s Turlff, Hszardous Materials Regulations of the
~partment of Transportation. AvailabIe from Amerl’cun Trucking Association,

c., 1616 P Street, N.W.,Washlngton, D.C. 20036. .

(c) Tariff 6D, Transportation of Restricted Articles by Air.
Avallabie fran Airline Tariff Publishers, Inc., i825 K Street, N~W*.~
Washington, D.C. 20006.

. .. .
..”.

custodians: Prepating Activity:

Army-Ml Air Force ‘lZ

Navy - AS

Air Force - 12

Review Activltles: ‘ Other Agency Interest:

Alr Force - 19,68, 70 NASA
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Navy - AS Project No. 9135-0036
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